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Abstract. It has been found that the perturbation in the geo-
magnetic field produceé by the auroral electrojet also.pertur@e%
the pitch angle distribution of the precipitated electrons which
-are the dominant contributors to the auroral ionization within
which it is assumed the auroral electrojet flows. In order to
study this interaction in detail a computer program has been
developed for model calculations. This program computes:

(1) the electron density profile in the ionosphere from

a given pitch angle and energy distribution of the ionizing

electrons, and

(2) the changes in the pitch angle distribution created

by the geomagnetic field deformations caused by the auroral

electrojet current system itself.

Results from preliminary computations are discussed. It
is shown that the interaction can cause significant time vari-
ations in an initially time-stationary electron precipitation
event. Thus, for the first time it’is seen that naturally occur-
ring atmospheric "feed-back" effects can account for some of
the dynamic auroral variations without requiring the auroral
source itself to vary in time.. The variations are governed by
the'pitch angle distribution and the total flux of precipitated
electrons’as well as by the normal loss parameéters in the uppexr

atmosphere. For medium to strong electron precipitation events

the calculated periodicity of the vapiationé lies in the range
of 50 to 200 seconds, which is in agreement with some of the direct

observations of auroral electron periodicities.



INTRODUCTION

The existence of horizontal, mainly East - West flowing
currents in the auroral ionosphere has been known for many
years, although the mechanisms involved in the production and

maintenance of these currents are still uncertain [Chapman and

Bartels, 1940; Bostrom, 1964; Axford and Hines, 1961; Fejer,

1963]}. It is generally believed that the time variations in the
current are caused partly by variations in the driving electric
field, partly by variations in the ionospheric conductivity.
Although it has not been proven, the currents are believed to
"be located close to visual auroral forms, which indicates that
precipitating energetic electrons are the main sources of the )
ionization associated with the enhanced conductivity in the

electric current.

Recently, Cummings, et al.[1966] drew attention to the fact

the the geomagnetic field distortion caused by the currents may
modify the pitch angle distribution of the precipitated electrons,
which in its turn will affect the electron density in the iono-
sphere. Theoretical studies of the effects of the auroral
current on the electron pitch angle distribution and vice versa
have been continued at Rice University, and we present here a
few results from ﬁhese studies. ’
We will show that the variations in the geomagnetic field
caused by thé auroral electrojet wWhose intensity is dominated
by the ionization produﬁed by the precipitated eleéfron@ can
in turn modulate the pitch angle distribution of these preci-
pitated electroné and thence in a cyclic repetitive form modulate
the electrojet and thence the precipitated particles. The
ultimate consequence is development of a natural periodicity
of oscillation of both the auroral ionization and of the preci-

pitation of the particles themselves.



METHOD OF COMPUTATION

In the computations to be discussed it was assumed that the
shape of the energy spectrum and the pitch angle distributioniof
tbe.precipitated electroﬂs at a reference altitudé (1000 km) are
constant in a latitude interval A)X, and the spectrum was assumed
- to obey an exponential law with e-folding energy E = 5 kev,
having a low-energy cut-off at 2.5 keV, independent of pitch
angle. Outside this latitude interval the fluxes are zero, and
all parameters are éssﬁmed constant in the East -~ West direction.
In order to compute rapidly the energy diéSipation of the electrons
in the atmoéphere, the altitude variations in the geomégnetic
field in the current region (100 - 140 km) were neglected, but
the variation of the field in latitude due to the presence of
_the current was taken into account exactly. By using Alfven's
invariant and Liouville's theorem the pitch-angle distribution
of the precipitated electrons at 140 km was deduced from the
distribution at 1000 km. The ionization rates in the ionosphere
due to the precipitated electrons were obtained by integrating

the contributions from all electron pitch angles, using data

from electron-scatter computations [Stadsnes and Maehlum, 1967].
The electron-density profile was computed by assuming a ref‘

combination-like loss of ionization:
dNe = 'g - a N -
- (1)

where the "effective" recombination coefficient g and theA'
negatiwe ion-to-electron density ratio A were interpolated from
data given by Holt [1964] and Yonezawa [1962] for auroral con-
ditions. (In the actual hgight interval between 100 and 140 km
o 1077 cm3/sec and A ~ 0). The initial "background" electron
density was assumed to be negligible with respect to the auroral

ionization.
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The current-driving electric field was obtained by assuming
a given distortion in the horizontal componentvof the geomagnetic
field (ABHor) on the ground. It 1is ndt known how theAdriving_
electric field varies with the electron density, and we have as
a first-order approximation assumed that the current density is
proportional to the electron density. Earth-induced currents
were agsumed to contribute ~ 40% to ABHor.

The distortion of the geomagnetic field was computed by
summiﬁg up the contributions from all parts of the current.
The resultant distortion in the pitch-angle distribution of the
precipitating electrons could then be deduced, and the time
variations in the auroral current weré computed by going through
this loop repeatedly. The integration step was selected to be
much shorter than the time constant of the ionosphere as deduced
from Egquation (1). Although various attempts have been made to
save computing time, each integration stép takes 1 - 2 minutes
on an IBM 7040 computer. A few preliminary results from the
calculations are presented in the following sections. In all
our computations the current is flowing toward the West and the.

latitude parameter runs from North to South.

§patial‘Variations in the Ionospheric Electrdn Density

Caused by Current-Induced Geomagnetic Field Distortions.

The series of computations clearly demonstrate that a very
complicated relationship exists betweén the electron precipitation
and the auroral current system, and.it is very difficult to select
models of computation which are "typical" for actual auroral
events.,

Let us firét consider the following simﬁle case: the
electron prédipitation is assumed constant over a 10-km-wide
iatitude interval at 1000 km, and the pitch—angle distribution

of the electron fluxes above 40 keV at lOOOIkm is as indicated
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as A in Figure 1. The current produced by the electron precipi-
tation_is assumed to give a'geomagnetic disturbaﬁce»ABHor = ~1000~v.
The latitude variations in the peak, equilibrium ionization at
110 km altitude caused by this flux of precipitated electrons is
shown in Figure 2, . . |

The latitude variation of the ionization depends critically
on the pitch angle distribution of electrons in the "loss cone".
This is seen by comparing the curves labeled A and B in Figures
1 and 2.

For a very sharply defined loss cone (C in Figure 1) an
interesting effect occurs. Close to the northern boundary
(X =0 km).the distorted geomagnetic field intensity will be -
sufficiently high to prevent the electrons from reaching the
atmOSphére. Therefore, after a short period of "build-up” of
ionization the electron density starts to decrease in the
northern part of the current region. During a strong disturbance
(ABHor = —lOOOyz this particular electron pitch angle distribution
is not able to establish a time stationary auroral current,
because the electron density oscillates. These oscillations,
which are discussed in more detail in the next section, only
occur dﬁring strong geomagnetic disturbances., If similar
computations are performed for the same configuration of electron
precipitation (C in Figure 1) for a smallexr geomagnetic dis-
turbance (ABHor = -250y), no oscillations occur, but it is
interesting to note that the latitude variations‘in the equilib-
rium electrén density is very large, and there are even some
indications of a fine-scale structure inside the region of pre-

cipitation (see curve C!, Figure 2).

Tims Variations in the Electron Precipitation Caused by

pParticle-Ionosphere Interaction.

Pulsations in auroral zone phenomena have been observed

recently from ground-based, rocket and balloon experiments. The
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periods reported vary from €.2 secs [AndérSon.and Milton, 1964}

to about 200 secs [Barcus and Rosenberg, 1965]. Various mecha-
nisms have been suggested for different types.of pulsations, but
very little is yet known of the sources of the‘modﬁlatidns. In
the past, it has always been assumed that these modulations

were due to modulations of the primeval source mechanisms. By
contrast, in the present section we discuss the periods of
oscillations produced by low-altitude interaction between electron
fluxes and the auroral .currents. Furthermore, we discuss what
electron pitch angle distributions and geomagnetic disturbances
are required for causing oscillations in the precipitations.

For simplicity, we will only be concerned with pitch angle dis-—
ributions with a sharply defined "loss cone".

The series of computations performed. refer to the following
configuration of electron precipitation: the pitch angle dis-
tribution of electrons at 1000 km altitude is assumed isotropic
between 90O and an angle ac, (ac can vary between 480 and 580),
and for pitch angles between OO and @, the fluxes are assumed to
be zero. The precipitation is restricted to a latitude interval
of 20 km, inside which the fluxes vary by a factor of ~ 20 (see
Figure 3). This is meant to simulate an actual event with high
electron fluxes embedded in a low background flux. ;

In theVﬁ%rst example we selected a value of o, = 540, which
is slightly less than the guiet day "loss cone" boundary, and
the average, horizontal geomagnetic disturbance on the ground was

Hor
Figures 4 and 5.

AB ~ —-600y. Results from the computations are given in

The taotal e}ectroﬁ energy precipitated per second into a
vertical colﬁmn of the atmosphere with 1 cm2 cross section is
shown in a contour plot in Figure 4 as a function of time and
latitude. Similarly,3the variations in the geomagnetic field

at 110 km altitude are indicated in Figure 5.



During the first few seconds after the onset of the particle
flux there is a gradual increase in the ion production at all
latitudes. This is accompanied by an enhancemént'in the iono-
spheric current, which increases the geomagnétic field near the
northern boundary of the region of precipitation. This geo-
magnetic field enhancement will cause the electrons to mirror
above the scattering region, and the ion production is very
small in this region. As the electron density and therefore the
current gradually decreases in the northern part up to t = 60 secs
the geomagnetic field returns to a normal value, and a new "burst"
of ionization occurs near t = 90 secs as electrons again are
allowed to penetrate into the atmosphere. After this time
similar bursts occur every 90 to 100 seconds periodically. Near
the southern boundary the electrons are "guided" into the atmos-
phere due to the decreased geomagnetic fieid. Therefore, a
strong current builds up near the southern boundary.
| An energy flux of ~ 1 erg/cm2 sec (for the energy spectrum
discussed in this paper) produces an eguilibrium ionospheric
layer with a peak electron density of ~ 3».105c:m——3 [Brown, 1964].
The electron density correspending to the "event" shown in
Figure 4 varied between 2.105 and 3.106cm—3.

Similar computations for other electron fluxes show the
same general type of pattern. When the fluxes of electrons
above 40 keV-are 105 - 106#/cmzsec'sterad, the period of oscil-
lation is 200 - 250 seconds, whereas a period of ~ 10 - 15 secs
occurs when the jionizing electron fluxes are as high as lO'8 -
109#/cmzsec sterad. Such high fluxes have very infrequently

been observed [0'Brien and Laughlin, 1962]. We therefore con-

clude that long period oscillations may occur in the auroral
phenomena due to particle—atmosphere interactions if the current
driving electric field is sufficiently strong and the gradient

in the pitch angle distribution of the ionizing electrons is
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steep near the boundary of the "loss cone". The period of
pulsations caused by this interaction is in the 50 - 300 seconds
range for reasonable fluxes of ionizing electrons.

A summary of some of the model computations is presented
in Figure 6 to show how the equilibrium conditions vary with

the effective "cut-off" angle in the electron pitch angle

.distribution and with geomagnetic activity. The broken lines
refer to cases when oscillations occurred, whereas the short,
continuous lines correspond to time-stationary distributions.
From this figure we conclude that oscillations in the precipitated
electron fluxes due to ionospheric "feed-back" can occur during
very disturbed geomagnetic conditions only, unless the loss cone
is extremely Well defined. The stability does not seem to depend
on the intensity of precipitation (directional fluxes of greater
than 40 keV energies for the various cases computed are indicated
by small numbers in Figure 6).

Long-period oscillations have been observed in the auroral

Xe-rays [Barcué and Rosenberg, 1965] and in the visual aurora

[Omholt and Berger, 1967]. Both phenomena occur during geo-

magnetically disturbed conditions after midnight and in the
morning hours. With our present lack of knowledge on the diurnal
variations in the electron pitch angle distribution we are not

in a position to evaluate the importance of the ionospheric "feed-
‘back" as contributor to these pulsations. Synoptic satellite

and rocket experiments of electron pitch angle distributions

and geomagnetic field distortions age'needed for solving this
problemn. Furthef computations are being performed for a variety

of the numerous parameters.
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: CONCLUDING COMMENTS

One of the greatest mysteries in the studies of auroral
morphblogy and of the electron fluxes that apparently accompany
auroras has been the temporal fluctuations in both of these
phenomena. In the past it has often been assumed, and indeed
it has generally been assumed,that these temporal fluctuations
are a reflection of corresponding fluctuations in the primeval
particle fluxes themselves and that consequently they may have
deep seated implications as regards the unknown source of the
energetic electrons that cause auroras. By contrast we have
shown in this paper that it is extremely important to considerxr
the fact that the atmosphere and the ionosphere play a critical
role in the dynamic morphology of auroras and electron precipitation
events. Indeed while the fundamental electron source may remain
uniform in time at altitudes above 1000 km one can still
have periodic or pulsating variations both in particle precipi-
tation and in the consequent auroral morphology and ionospheric
ionization simply dus to what one might call an inevitable inter-

action or atmospheric feedback upon the particle fluxes themselves.
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FIGURE CAPTIONS

Model pitch angle distributions of integral electron

flux above 40 keV energy at 1000 km altitude.

Latitude profile of the equilibrium peak electron
density produced by the precipitated electron fluxes
shown in Figure 1. [Geomagnetic field distortions

on the ground are indicated in brackets].

Latitudinal variations in the integral electron fluxes

above 40 keV energy for pitch angle of 90° at 1000 ki

altitude.

Time and spatial variations in the total precipitated

electron energy flux into the atmosphere for 1000-km

2
- input of 50 - 1000 ergs/cm sec (See text).

Time and spatial variations in the geomagnetic field

at 110 km altitude (See text).

Stability of the electron precipitation during various

degrees of geomagnetic disturbance (Directional fluxes

of electrons for pitch angles greater than o, are

indicated with small lettering).
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